Background Serious respiratory illnesses have been reported among rescue/recovery workers (RRW) following the World Trade Center (WTC) attacks. Methods We studied RRW enrolled in the WTC Health Registry to assess the effects of different respiratory protection equipment (RPE) types on respiratory outcomes, such as recurrent respiratory symptoms and diseases possibly associated with 9/11 exposures. We performed descriptive and multivariate analyses adjusting for demographics and exposure variables. Results A total of 9,296 RRW met inclusion criteria. The strongest predictors of using adequate RPE were being affiliated with construction, utilities or environmental remediation organizations and having received RPE training. Workers who used respirators were less likely to report adverse respiratory outcomes compared to those who reported no/lower levels of respiratory protection. Conclusions Level of respiratory protection was associated with the odds of reporting respiratory symptoms and diseases. Training, selection, fit testing, and consistent use of RPE should be emphasized among emergency responders. Am. J. Ind. Med.
INTRODUCTION
Unprecedented respiratory hazards were present in the wake of the terrorist attacks on the World Trade Center (WTC) in New York City on September 11, 2001 [Prezant et al., 2008] . The spectrum of WTC-related respiratory disease includes upper respiratory disease (the newly recognized ''WTC Cough Syndrome'' , sinus problems, nose irritation, and postnasal irritation [Brackbill et al., 2006] ), and lower airway disease (reactive airway dysfunction syndrome (RADS)/irritant-induced asthma [Centers for Disease Control and Prevention 2002; Reibman et al., 2005] , and pulmonary function abnormalities Salzman et al., 2004; Skloot et al., 2004; Herbert et al., 2006] ). It also includes some rare parenchymal diseases, such as acute eosinophilic pneumonia , sarcoid-like granulomatous pulmonary disease [Izbicki et al., 2007] , granulomatous pneumonitis [Safirstein et al., 2003] , and bronchiolitis obliterans [Mann et al., 2005] .
A variety of respiratory effects have been reported among WTC workers who carried out many different tasks. Among ironworkers at the WTC site, cough was the most common symptom, followed by shortness of breath and wheezing [Skloot et al., 2004] . New York City police officers experienced an increase in the prevalence of respiratory symptoms over 19 months of followup, except for cough, which remained steady at 43.5%, reflecting two trends, resolution of early onset cough and emergence of delayed-onset cough, counterbalancing each other [Buyantseva et al., 2007] . Elevated rates of respiratory outcomes were also shown for New York City Transit [Tapp et al., 2005] and Department of Sanitation workers [Tao et al., 2007] and among participants of the WTC Worker and Volunteer Medical Screening Program [Herbert et al., 2006] . Among NYC firefighters cough and sore throat markedly declined over 4 years after the WTC disaster, but rates remained much higher than before 9/11 [Webber et al., 2009] . New York State employees who responded to the WTC disaster had higher rates of persistent lower respiratory symptoms 5 years after 9/11, compared to non-exposed controls [Mauer et al., 2010] .
It is well established that in emergency situations, respiratory protective equipment (RPE) may be used to protect individuals from exposure to dusts, fumes, smoke, gases, and vapors, which may be associated with some of the respiratory diseases described above [Harber et al., 1996] . Wheeler et al. studied 25, 748 WTC rescue and recovery workers (RRW) (police, firefighters, emergency medical services (EMS) workers, construction or engineering personnel, and sanitation workers) with no prior history of asthma. They were asked, ''On [9/11, and other time periods after 9/11] did you wear a mask all of the time, most of the time, some of the time, or not at all?'' The term ''mask'' was inclusive of many types of facial coverings, ranging from surgical or nuisance dust masks not certified for ability to prevent inhalation of airborne particles to true respiratory protection. Although the study was unable to differentiate between use of masks versus true respiratory protection, Wheeler et al. [2007] found that longer delays in the initial use of masks or respirators among workers who arrived at the site on 9/11 and worked throughout the entire clean-up phase were associated with an increased risk of newly diagnosed asthma.
While the report by Wheeler et al. is the largest study to date to suggest the effectiveness of RPE in protecting disaster responders against respiratory illness, its assessment was based solely on the initial 2003-2004 WTC Health Registry survey which did not distinguish between masks not intended for protecting against inhalation of aerosols and respirators. As noted in the conclusions of their study, and incorporated into the first WTC Health Registry follow-up survey, effective use of RPE requires selection of the appropriate protective device, training in its use, ''personalization'' of the equipment to fit the individual, and consistency of use in hazardous conditions. The objective of the present report is to describe patterns of use of specific types of masks and respirators, training in respirator usage, and respirator fit testing and their impact on respiratory outcomes in the subset of RRW who worked on the WTC debris pile and participated in the Registry's follow-up survey.
METHODS
The WTC Health Registry is a collaborative effort between the Agency for Toxic Substances and Disease Registry (ATSDR), the National Institute for Occupational Safety and Health (NIOSH), and the New York City Department of Health and Mental Hygiene. It is the largest effort in the United States to monitor health after a disaster. Details of the Registry population have been described elsewhere [Farfel et al., 2008] . In brief, the Registry contains data on 68,444 adults, of whom 30,665 reported performing rescue/recovery work. Between September, 2003 and November, 2004 , enrollees completed a baseline computer-assisted telephone interview (95%) or in-person (5%) interview (Wave 1, W1) that provided data on demographics and self-reported exposures and health outcomes. A follow-up survey (Wave 2, W2), conducted between November, 2006 and December, 2007, updated enrollees' health status and gathered additional data on exposures. A total of 9,296 RRW who worked for at least one shift on the WTC debris pile completed both W1 and W2 surveys and provided data on RPE and mask use relevant to this study. The Centers for Disease Control and Prevention and New York City Department of Health and Mental Hygiene institutional review boards approved the Registry protocols. A Federal Certificate of Confidentiality was obtained, as was oral informed consent.
RPE and Mask Use
The W2 Survey contained detailed questions about RPE and mask use, including illustrations depicting full facepiece and half-facepiece elastomeric respirators (type 1 and 2, respectively), disposable filtering facepiece respirators (type 3) and devices such as surgical or nuisance dust masks (type 4). These illustrations are reproduced in Figure 1 . In addition, there were questions about which type of device was used the most in three different time periods (9/11/01; 9/12-12/31/01; and from 1/1/02 onward) and training in the use of RPE received before or during WTC-related work. For type 1 and 2 respirator users, there were further questions about RPE fit testing and maintenance.
For analysis, we determined a single level of respiratory protection for each person by choosing the minimum level of protection (i.e., type 1, 2, 3, 4, or none) specified across all periods worked. For example, if a worker had responded to the question ''On [time period], which type of mask or respirator did you wear the most?'' as follows: ''type 4'' for 9/11/01, ''type 3'' for 9/12-12/31/01, and ''type 2'' for 1/1/02 onward, the overall protection level for that worker would be set to ''type 4''. Those workers who did not use respiratory protection (type 1-4) most of the time in at least one period they worked were categorized overall as ''No protection''.
Proper fitting, respirator cleaning, and changing cartridges were treated as dichotomous variables (all or most of the time versus some or none of the time), and included as covariates during the three time periods described above.
Health Outcomes
Outcomes of interest were respiratory symptoms first occurring or worsening after 9/11 and present at W2 and respiratory diseases first diagnosed after 9/11 and present at W2. Lower respiratory symptoms included shortness of breath, wheezing, and persistent chronic cough. Upper respiratory symptoms included throat irritation, sinus problems or nose/post nasal irritation. Asthma was defined as a self-reported first lifetime physician diagnosis of asthma or RADS, and chronic obstructive pulmonary disease (COPD) as a physician diagnosis of chronic bronchitis or emphysema, all after 9/11.
Statistical Analysis
We performed descriptive statistics and multivariate logistic regression analyses. To examine predictors of RPE or mask use for each time period, covariates in the models were sex, age on 9/11, education (less than high school, high school, some college, or college or more), smoking status (ever vs. never smoking), RPE training (yes vs. no) 9/11 Respiratory Outcomes and Respirator Useand worksite affiliation. To investigate the association between respiratory protection levels and the likelihood of reporting adverse health outcomes, we adjusted for sex, age, education, smoking status, worksite affiliation, total number of days worked, and when the work started. We also adjusted for exposure to the cloud of dust/debris that was generated by the collapse of the WTC towers, and which has been shown in numerous studies to be associated with respiratory outcomes. Dust cloud exposure was classified as none, some, or intense, as described by Brackbill et al. [2009] . All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
A total of 9,296 RRW at the WTC site met the inclusion criteria for this study. Table I shows demographic and exposure characteristics. The group's median age on 9/11 was 39 years (mean 45.4 years, range 16-78 years). The great majority of subjects was male and had at least high school education. Almost half (42.4%) of the subjects had ever smoked cigarettes and 39.7% reported some or intense dust cloud exposure on 9/11 [Brackbill et al., 2009] . Over half of the subjects were affiliated with firefighting and rescue services (30.4%) or law enforcement/military (22.8%) followed by construction/utilities/remediation (13.4%), public administration (12.0%), medical/EMS (4.9%), and sanitation (4.8%). Volunteers accounted for 11.7%.
Variability in participation rates by worker category was observed, with the lowest response rate (62.09%) among construction/utility workers, and the highest (83.25%) among fire and rescue workers. Intermediate levels of participation were demonstrated by EMS/Medical/ Morgue workers (80.07%), Public Administration workers (77.00%), Police and Law Enforcement workers (74.73%), Volunteers (70.13%) and Sanitation workers (64.18%). However, there was little difference between participants and non-participants of W2 by exposure measures including dust cloud, when they arrived, or number of days worked (data not shown).
RPE use by time period worked on the WTC pile is shown in Table II . Less than 20% of workers reported using type 1, 2, or 3 respirators on 9/11 and half of the workers wore no respirator or mask at all on that date. Approximately one-third of subjects reported using only disposable surgical masks most of the time (Type 4) during the first two periods of response (i.e., 9/11/01 and 9/ 12-12/31/01), whereas half-face respirators (Type 2) were the most common RPE type worn after 1/1/02.
A total of 2,340 out of 5,737 RRW (40.8%) who wore type 1 or 2 respirators on or after 9/11 reported having had a fit-test. In addition, 2,843/5,418 (52.5%) reported that RPE fitted well all or most of the time. The proportion of those who performed RPE maintenance, all or most of the time, was as follows: 1,809/5,307 (34.1%) cleaned the respirator before use and 1,238/5,227 (23.7%) replaced cartridges. Thirty-six percent (3,227/9,008) of RRW had no training in RPE use either before or during WTC related work, whereas 22% had training both before and during WTC work (Table I) . Changes in denominators are due to non-response.
Overall, the strongest predictors of use of respiratory protection (types 1-3) were having received training in the use of RPE and being affiliated with construction, utilities, or remediation organizations (Table III) . On 9/11, being affiliated with fire and rescue, EMS, law enforcement and military, or sanitation work was negatively associated with use of respiratory protection. This association reversed in the period 9/12-12/31/01 for those affiliated with law enforcement and military and in the period after 1/1/02 for fire and rescue and EMS workers. Table IV shows the prevalence of self-reported post-9/ 11 respiratory diseases and recurrent new or worsening post-9/11 respiratory symptoms at W2. The most common recurrent lower respiratory symptom was shortness of breath (29.6%), followed by wheezing and chronic cough. Upper respiratory symptoms were reported by 71.6% of RRW. The prevalence of new onset asthma/RADS was 15.6%, and that of COPD, 9.7%.
RRWs who reported wearing type 1 respirators were only half as likely (OR ¼ 0.52) to report new or recurrent chronic cough at W2 compared to those who reported no respiratory protection (Table Va) . That likelihood was Additional analysis of the differences between device types and their association with adverse respiratory outcomes suggest that there is a difference for some outcomes when type 4 devices are used as the comparison (Table Vb) . Type 2 and type 3 devices had statistically significant odds ratios for shortness of breath (OR ¼ 0.71 and 0.81, respectively) and wheezing (OR ¼ 0.71 and 0.77, respectively). Type 2 was also more protective against COPD (OR ¼ 0.72) compared to type 4. 
DISCUSSION
This study demonstrates a clear association between the use of RPE and respiratory health outcomes after a major disaster in which workers were subjected to unexpected, intense, and prolonged pulmonary insults. It is the first study to show the impact of different levels of respiratory protection on health outcomes in a large sample of RRW. In the field of occupational health, few researchers have looked at the association of different types of RPE and specific health outcomes. Small studies of epoxy resin workers [Grammer et al., 2002] , law enforcers involved in methamphetamine lab investigations [Witter et al., 2007] , and aluminum potroom workers [Kongerud and Rambjor, 1991] have not been able to definitively demonstrate that the use of respirators was protective against respiratory symptoms, occupational asthma, or changes in peak expiratory flow rates. Our data show that, in general, the protection level was associated with the odds of developing respiratory symptoms and diseases. In addition, our evaluation demonstrated that receiving training was one of the most important factors in predicting RPE use among RRWs.
Our data demonstrated that during the first day of response, half of the workers wore no respiratory protection at all and approximately one-third wore unrated disposable masks only. This improved over time, with 50% of responders wearing type 1 or 2 respirators most of the time after 1/1/02, although 28% of the workers reported no respiratory protection after 1/1/02 (twice as prevalent as the previous period). Feldman et al. [2004] reported a similar trend among Fire Department of New York (FDNY) firefighters, with 57% using type 2 respirators during the second week of response, although only 53% of those used them most of their work time. Likewise, Mauer et al. [2007] reported that among New York State personnel who responded to the WTC disaster, use of disposable dust masks decreased over time, while the use of respirators increased. Lack of use of respirators during the initial response has also been reported among other worker categories, such as ironworkers [Skloot et al., 2004] and police officers [Buyantseva et al., 2007] .
Another important issue faced by RRWs at the WTC site was the need for proper RPE training and fit-testing. Approximately one-third of RRW reported no RPE training at all, and less than half of RRW who wore type 1 or 2 respirators reported they had been fit-tested. Specifically, 27% of RRW affiliated with fire and rescue did not report RPE training either before or during WTC-related work. The same was true for EMS (21%), and law enforcement (55%). Proper RPE maintenance was also deficient: only one-third reportedly cleaned the respirator before use and roughly 20% replaced cartridges. A report from the RAND Institute states that in some cases, cartridges were discarded after <2 hr of use, while in other cases RRWs would work for the entire week on one cartridge [RAND Science and Policy Institute, 2002] .
Our data show that having received any RPE training was one of the strongest predictors of RPE use during the disaster response. Previously reported barriers to using RPE, especially in the early days after 9/11, included difficulty in communicating with peers, the burden of breathing through RPE, lack of appropriate components to match specific types of respirators, and in the case of law enforcers, the simple lack of RPE, since ''most lawenforcement agencies did not allocate enough funding to stockpile RPE'', according to a report from the RAND Institute (RAND Science and Policy Institute). Nevertheless, the FDNY [Mauer et al., 2007] , other city agencies, the private sector, and unions went through a massive effort to address the safety of their workers within the first week after the attack and during several months afterwards. These efforts included WTC site orientation and training, distribution of respirators as they became available, and manual seal fit tests on firefighters during respirator distribution, conducted by OSHA personnel [Spadafora, 2002] .
To ensure that we were capturing health outcomes related to WTC exposures in this analysis, our case definitions for reported respiratory symptoms and diseases included the concept of onset or worsening after 9/11 and required the presence of symptoms at least 30 days before the W2 interview, which occurred 5-6 years after the disaster. The finding of elevated rates of respiratory diseases and recurrent respiratory symptoms in this study are consistent with previous reports from the WTC Health Registry and medical surveillance and monitoring programs that followed this population. Among RRW enrolled in the WTC Health Registry, W1 data showed that almost 80% of RRW who worked on the debris pile reported at least one new or worsening respiratory symptom after 9/11 [Farfel et al., 2008] ; from W1 and W2 data, the incidence of asthma 5-6 years after 9/11 among RRW was 12.2% (95% CI (11.8-12.7%)), which is at least two times higher than national estimates [Brackbill et al., 2009] .
A strength of this study is the ability to examine the impact of different types of respiratory protection or mask use in a large cohort of RRWs with massive exposure to respiratory hazards. The introduction into the W2 survey of questions on respirator or mask type, training, and fit testing has resulted in a substantial extension of the earlier findings of the importance of respirator or mask usage and timing [Wheeler et al., 2007] . Our analyses take into account previously recognized confounders, such as start date of work at the WTC site, duration of exposure, intensity of dust cloud exposure, smoking status, and demographic characteristics. We clearly demonstrate that type 2 respirators have a protective effect on almost all respiratory outcomes included in this analysis, with the exception of asthma (barely statistically significant). In addition, it appears that the odds are associated with level of protection for most respiratory outcomes, although most results for type 1 respirators were not statistically significant, perhaps due to small numbers in that category (only up to 5% of RRW reported type 1 use). Moreover, our results help to highlight the relative lack of protective effects of non-rated surgical masks (type 4 devices) in such scenarios of exposure. Except for chronic cough, upper respiratory symptoms, and asthma, there was no statistically significant difference between using surgical masks and not using RPE, with regard to protection against respiratory outcomes. Nevertheless, in the event of an unanticipated disaster of this magnitude, some protection is preferable to none at all, but use of low-protection devices should be regarded as a last resort, and disaster planning should focus on providing equipment with higher levels of effectiveness as demonstrated in this study.
Our findings are consistent with those of Skloot et al. [2004] who showed better lung function (decreased large airways resistance as demonstrated via impulse oscillometry) in ironworkers who wore a respirator with canister during the WTC disaster response compared to those who did not wear a respirator. In a different setting, Carrasco et al. [2006] showed that provision of health information to workers engaged in the clean-up of the Prestige oil spill in Asturias and Cantabria was associated with a greater use of individual protective devices and lower frequency of acute health problems, including respiratory outcomes. In contrast, a study of NYC firefighters who responded to 9/11 events did not find a significant association between the use of respirators and respiratory outcomes (symptoms, pulmonary function, or airway hyperreactivity) . Banauch et al. [2006] did not find a protective effect of mask use frequency on pulmonary function among firefighters after the disaster. However, these two FDNY studies summarized the use of respirators over the entire response period, potentially missing the effect of timing of RPE use.
This study is potentially subject to several limitations, common to analyses that use self-reported questionnaire data. First, self-selection bias may affect our sample. Workers who developed respiratory symptoms and diseases after 9/11 may have been more prone to enroll in the WTC registry than asymptomatic workers. In addition, we were not able to verify reported conditions using medical records, which would have been useful to rule out overreporting of respiratory outcomes by study participants. Nevertheless, we do not expect that differences between respondents and non-respondents and misclassification of disease status would have an influence on the likelihood of using RPE, and therefore it is unlikely that these limitations affect our main findings. Moreover, non-respondents to W2 (among the pile workers) did not differ from the respondents in terms of demographics and exposures. In addition, there is the possibility that current symptoms could influence the reporting of past use of RPE, which would result in overestimate of the protective effect. This could arise if participants ''explained'' their persistent or new onset symptoms as being partly due to not having been properly trained or equipped with RPE. Recall bias is always a possibility, especially when questionnaires are applied over 5 years after the event of interest. In an attempt to account for this factor, we cross-checked responses on W1 and W2 for consistency. Ascertainment of RPE use may have been problematic for several reasons. The accuracy of reporting RPE use over a day (e.g., 9/11) is likely higher than that of reporting over a period (e.g., 9/12-12/31/01) because one may ignore intermittent use. However, the question on RPE use does ask ''what type mask or respirator did you wear the most?'', which would theoretically reflect RPE use over a day as well as over a period. Misclassification of overall respiratory protection level may have occurred since we chose the minimum level of protection over the entire period worked for each individual, instead of period specific RPE use. This more conservative approach is based on the belief that even brief periods without respiratory protection may be associated with some respiratory health outcomes. Further analysis demonstrated that <2% of the RRW who had worn type 1, 2, or 3 devices in the first two periods (supposedly the ones with more intense exposure) were classified as ''no protection'' when they could have been deemed as ''partially protected''. This categorization resulted from the lack of respiratory protection use in the last period. Nevertheless, no substantial differences in the results of Table Va,b were detected when these potentially ''misclassified'' individuals were removed from analysis (data not shown). Finally, exposures are likely to have differed among workers affiliated with different RRW organizations. In an attempt to minimize this heterogeneity, we included ''organization'' as a covariate in the multivariate models.
In conclusion, we demonstrate clear associations between the use and level of respiratory protection and reductions in adverse respiratory health outcomes. As expected, respirators proved to have a substantial protective effect, whereas other, non-respirator disposable masks did not confer similar levels of protection. The benefits of appropriate respiratory protection, including training and fit-testing, as well as enforcement of consistent use in emergency situations with significant exposures to dusts, fumes, and/or smoke cannot be overemphasized.
